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(57) Abstract: It is possible to reduce the loss in a current supply circuit including an inverter having a switching element. The 
^® dynamic loss of the IGBT element including a free wheel diode is proportional to the product of a turn-on loss and a switching 
^ frequency while the static loss is proportional to the product of a current flowing to the IGBT element and a saturation voltage 
\^ between the collector and emitter. Even if the resistance of the IGBT element is increased by twice, the saturation voltage between 

the collector and the emitter is not increased by twice. Accordingly, the voltage and current given to the load are multiplied by 2 

and 1/2, respectively, so that the powers given to the load are identical. Moreover, it is possible to reduce the static loss even if the 

dynamic losses are identical. 



^ (57) xffi: x>r^T>^^**^S>r>/^-^^t;BS£«^lllK^(Dffl**iS»^«^ 
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VC, VN, YU, ZA, ZM, ZW. 
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IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), 
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, 
MR, NE, SN, TD, TG). 
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[0001] z<D&wn&mnffi&$$frrz>&ffiiz.W'tZc 



[0002] mi2m&M<DmmM£tM7%m^-rz>\E]$&m'?&z>o m^oovmm^^mm 

IfoT, m^31^VX4^<— *41fcitt$fE«JEEVdc£:-££.5 0 4>'<~?41 
13^ #t@^-fffi600V(DrGBT (Insulated Gate Bipolar Transistor) f!?^ 1 (7) 2ocD 

[0003] 4>/<~ #4lX<D&£:$:ftix.Z>1tlb, ^-IGBTJ^CO^— >'Jr>'M$;%OJ^\>"?? - 

[0004] — ^\ IGBTm^(Z)»«3t(D5fe#^^-tcDtaJ*irbT^|g$tLTV>5o 01 3« 

3, L4, l5^t^-t 0 ^^m^\^vv^%Lm^mMxmm\^xm\. 

tv^„ iMrft^ittf^Btb, W^ffiflSW^hw— K^fi^i-Stroo, 

nU'Pvxv^-tmz&o 

[0005] ^jb\ ^.fcSfclifrft^&bfclGBT^ 

—Z^b%^^—Mk1r%mfc\^^^XWf?X1fc2ft1bZ> 0 

[0006] ^#fF^cmi : mm t^mpMik&ffikzcDmmM] ^ ^i^hn-^w^ 

^Bl3[El#P!ff^-7^;*k H38H(1998) 
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if J , ±B##vol.75,NolO,p555 (2002) 

##fF3£fifc3:Junji Yamada, et al., "Low Turn-off Switching Energy 1200V IGBT 
Module" [online], IEEE, [Wcl5^10^ 8 0 , 4^9*- ^yh< 
URL:http://www.ineltron.de/english/Low_turn_off_5th_genIGBT.pdf> 
##fF3CM4: r^^N°T7— ^rv^— />MOSi£;B<£>#§|£j^46H, [online], H£ 

mm. [¥^i5^io^8B^m]>-r^-^K 

URL:http://www. semicon.melco.co.jp/semicon/html/pdf/ka0350a3.pdD 
afrffXm : #5flBS60-249895^$R 
#fF^CK2 : 2003-1438 7 

[0007] b£>U ff^^tfcf-t®IGBT*^-(D^^#o^-C^^<, #IGBT^^^*5ttS*S 
[0008] ^^f^^^^^^M^, IGBT*^-^-r^^/^-^^'aif*«^[i]^ 

[0009] rcD^pj^^>6®»fL#t^0j^^ > &ffi2oov^mmi)izmm£foz>mw£M 
mm (22) mmimm2oov(D^y^>?m^<D2^(Dmmm%:^u 
^Mff^j^©^^^^#^fe^^^«?^^ffl^-r?)#ti-r^^-^0i^(42) 

[ooio] M^«tnfs^^^-^^*^-«iGBT^^--efe5 0 

toon] M*b<^, wmfenmmM^ffihwm^^^— ^mtn^^—Mt^ti 

[0012] ^<DmmKfi^&nmm£\mmt, 
^s<—7-mfrbnmmm£tiz>^4oovm^-? (M2) t^m^ 0 

IUB§(22, 32, 42) ^ff-TS^-e&So fiJfBWf«(lI^tt, %rfa%\Z^Jy s f- 
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mm%m£i-t%£ft4>/<—i?m$& (42) &#x.5 0 
mKm^^xm^-r^^yy o (s25)t^m^ 0 

[0015] M^f«ia0f^H^i#[«ff^^M«ff«¥tit?fe9^ mBWM^mmn, 
tulEBff^co jfimji » 3Si)fgmjE Stf&WESSfcfcUTltfr IB#t@-fV^— ^HJE&(42 
) ^ffl^-rsfgmjESSftHIi^ (22) SrMfc#;L5 0 

[0016] ^fcM^^-r^^^^mGBTH^-efeSc 

[0017] r»^P^^^^Sr»^[ElSSf^f+^cDm2(D^«, ^KDtl^^^^S 

2Sfl£v >$5ffl fc:*5V ^T#f|B^Ts/^^itf ^iSSje^ti/So 

[0018] ^(Dis0^^^^««i&0^ft^^^3(Dti#«, m2<Dmmfrfrfrzn 
ffimmms&wtfi-jffexh'DX, mm^^ib) & (b-D tutB^v^v^if^ 

^V^^-^^t*^(Esw(on) = Esw/2)^^-r§^5/^°i:, (b-2) |fjf2^2(D 
WJE&^U BtlS^«^ifi^^V^TtulB^^^(b-l)-e^^$^tfj|E^— ^ 

[0019] M^« , fulS^^^-^9g^-mGBT9l^--CfeoT, fufB^s^Cb) fc*5VvC\ fu 
M*f-T5, tuia^2©BJ±^^Sffj|ElGBT^(D^m^lt^^^5^--^ 

>m^m^ ( a esw) ^ra^u mmwi<Dm}±%^zmmiGBTm^'(Dmu 

fgji (VL) *^^®EiaftJ«JE^#^StirlE02OWJEE^^StiflEIGBTm^O<a 
f um)±(Dmft ( A Vce) Sr§| V ^dfi (VL- A Vce) ftflE^V^— $<D W^HflESriE 
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[0020] fesv^tufES^ift^iii^itri^ 

xmmmB4>s<-?m (42) ^mti^mw^mmm^ (22) zm^mz-zm 

^^m^Mfri AEsw) <D (2/ 7i )fg«rl&!BS±U mBmi(DMi!±^ir^mmi 

|ElGBT3^c£>g&ftl®J±<£>ii# ( A Vce) 8:3 1 V ^fdfi (VL- A Vce) <h\ fufE^V^— 

W^S^IE^ bfcft^li: (Icp) ^ (l/8)iCHM CTbT , 
F§fjfEf§mj±ME0g§ (22) ^S^--f-5^V^--K-o^©M^ (Pd) ^P^/dC (Pd + 
(VL-AVce) 'Icv/8)&mm%bU tufB^^^ffjfB^mT^LT#b^^ 

[0021] z<Dftmzfrfrzmwtfci&m&WL%Yftfe<D%$4<Dffim-3i, %$2<Dmmz.fafrz>n 
mmnm^mm^mxh^x^ tuiE-r^-^^^-r^^jn^mcfsw) ^ 7 kH Z 

[0022] M^b<«, Hl7!;^m4(D^«^/0^^Wf*^[I]^f+^&^*5V^-C, jtufEBf 
[0023] ^^200VS^J-*<3V^T^^^— ^^j;oT#tB»^^mr^^#S^, r<D^§ 

hm^^<-r^t^x^^ 0 
[0024] mnm&ffim&t&m^s^pm&b&^^—Mk^zztfczy, m^m 

[0025] rcD^PJ^^^mr«^0SS^ff^*(D^l(D^^j;^«\ IGBT^(D 
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Bfifff Sr^UTV ^Z>m&n, mWktk (2Esw(on)-fsw/ 7c ) $mZ-V&^Xt>&m$: (Icp 
Vce(sat)/4) £{£^-^3 £5 ^IGBTSrSJ^fSr ^^ST?#S 0 

[0026] ^(Dmm^^mmwim^<Dmt^m(Dm2(Dmm^nn, igbth^-o 

fttft^ (2Esw(on)-fsw/ k ) £{£^^5^ £^^60 
[0027] IGBTm^\tt<Dtt&&2i&kf£oXi>. aU#*-x.*y#f$(Dmtfam&n2ffla'i 

GBT^^ ^ -^^l(7)l'^Ji^LTV^6^^i:b$^bT, ^2CDWJ±^LTV^#^{^ 
, fttft^ (2Esw(on)-fsw/ tt ) ^(S^I^CTfeoTfo^iB^ (IcpVce(sat)/4) 

[0028] m^^IGBT*^-^*5V^T, HlOftff Sr^i-SIGBT^^^y^Ca)^^ 
$tL/c^MM(D2{§^fett^)^-^^14cJ: 1 9t, ^2(D»JE^i-5lGBT 

M=$-&?>7-y"7 (a) -e^S^tifc^«^fit^*5itS^— ^^^c«0. 4nJ/^° 
/^^_h^#<fi^^v\ TAOISM ^d^^SflE^*&HIiiSI9:ff^fe©^4© 
SJl©i»JEES:^i-SIGBTS:Sffli-SI&^i:Jfc«LT, Jg2<D»J££ 

C IGBT^^(D4S^fri:L-C<g;^^ttSo 
[0029] -<Dmm<D g ft, *5«tOTJ^Cfi^ ^T<W*Bftt&K^ttlll®£fc:J: 



[0030] [E]l]lfff^600V, 1200Wh^)lGBTm^-(D^— ^^S^EswCon)^ 

[02]j«»jE^^^fflL^^M^bV^^^L^^7i?fe5 o 
[|ll3]rft»i±*^-^fflE^^S^L,v^^^E^^^-C$55 0 
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[mo^^^^mw^^ 

[0031] A:&2&m<D&Jfc#}te3$?U7. 
[0032] (ADlGBT^f-^fg^c. 
2), (3)T^^So 

[0033] mi] 

PQ=PSS+PSW - ( 1 ) 

[0034] [f&2] 

PSS=Icp. Vce(sat).^- Csin'x- 1+sin ( * + 6 ) ' 0 dx 
= I cp • Vce(sat) • ^ + ^T cos 9 ) — ( 2 ) 

[0035] [|&3] 
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PSW= ( Esw(on)+ Esw(off) ) * f sw • — — \ sin x dx 

C. 7t .J 

•'o 

= ( E sw(on) + E sw(off ) ) • f sw • — ( 3 ) 

[0036] ^r^IGBT^^-CDl^^^^fc^cD^— ^^-T5/^^t|^Esw(on) N UVTsX 

7VD, ffi;fjiE3&$t<Z>7J^cos 0 ^Ab7c 0 
[0037] Hfc:, IGBT*^-^ii^#*P^tL5^y— *^-/^V^-K(D#*^PDt%lt-r 

st, iGBT#^-^(Dti^PAtt^(4)-e^^tT,5o ffiL^y— *-r— /v^v^-— 

[0038] [#C4] 

PA=PQ+PD=PSS+PSW+PD -(4) 

[0039] [#C5] 

P D = I cp • Vec'^-g cos 5 | •••(5) 

[0040] ^^^y^^tl^EswCon)^^— ^^^^^^^4i^Esw(of[)t«^|@ 

(4) («(6) ©J;5^i--i:^-e#5o 
[0041] m&] 

P A= • E sw(on) • f sw+ * Icp* V ce(sat) ••• ( 6 ) 

[0042] ^mmmxn, zmx, ^(6) <D^mmimRxfm2m^n^niGBT 
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[0043] (A2)A#<^^«^aGBT^<Z)Wff. 

^2kw^5,&^#um«\ mfa^mmftxh&mv, h^tm^mtcom^m 

^%fcfr<D^ffi<Dmfamm^\,^xnmmz&mm&fo&^tfcfj:z> 0 
[oo44] 7%(6)<DfcmmiTMxm&thZ>iGBT(Dmm$t^\<^x^ ik^f(o^m 

[0045] mb, iHgteffifcS 
±il©^T!fitf, ^«J±200V(^M^)2kW)cO^— ^grffll^Hl^te, 4 

[0046] (A3)#4|^CO^#. 

^mffi^kfg^b^^^«ffi$^IGBT^^(J^Tr^MJ±^^-J^^)» 

[0047] %^6a^, mm&m^(Dmm^mmBm^-<D^nM±^<xh, ^<om^w 
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[0048] 0 1 «:Itj±^600V, 1 20OVX*$>Z>M* (DIGBTmW?— ^VtR5^Esw(on)t 

^77L3, L4, L5^tL^013^$tLfc^^^^U-CV^ o f&Uir-mm 
«Icp<Z)^#^(9jAtf fcit>, H^fi20A(iP^Icp = 28. 2 (A) ) <£>SiffE3r$Jf£Ub 

[0049] ^77H3, H5«^^^Jg3lti:f-^ ^5lB:ft(-JR"rSii5W£E^^^^77t?fe«9, 

^fcS^LT, H#rtKlOA(SP*>Icp = 14. l(A))0«ScSrJfEL^:»^^— >^ 
^M^Esw(on)^LTV^ 0 fiP^, V>i*tbO^^A^f©je«r1t^^6. 9kW 

[0050] ^itt^-ytyi^E 

sw(on)£rl. 12(mJ/pulse)^t£^Ut4§'giU3:> i£»j±*^«tS^R«ffVce(sat)^2 
. 3(V)©t©^A¥t5:^^-t5„ — ^\ SKJE^^fi|g?P«iEEVce(sat)^2. 
9(V) (Dh(D&A^-fZ>Z.kfr-e%, rO#tt'ffif«Iffi^cDt(DcD2( = 1200/ 

[0051] B^-tar-f-t-Cftlifff^^-ir^ffifJI^^-i^big-r^^, fJitt^-ytyi^E 

sw(on)£rO. 56(mJ/pulse) fgfffillf ^tefSftimj£Vce(sat)/^l 

Tv\fcv\, J;oT»M^#b<boo^|fhti^2^#-raJ;5^i^WiE^^A# 
[0052] rcD^^^IHC-tirft-eit^Efc^^fi, IGBTm*<Dmj£&*i%<-fZZkiz£V), 
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[0053] J,f4^-^ ^(6)^^-T#^tlfTOT»J:5^bTk=2(D^^(D^lfj±^^- 

[oo54] (A4) mm^im^^mm^mummm. 

^(6) (D^mmi^fabmMZthZXo^ iGBrm^m^^n^^^mm. 
msvrizitMi-Zo ^xh^hMmj±m^b^x^mmnm 1 !£vce(sat)mmi!±.m 

m^fc(vm$:PAm&W(,-fz>z.b&x%% 0 ^y^^m^ms^+^^n 
tut, i$m&(D^(Dm\)$:Wi^-t&frhxfo% 0 
[0055] ^^^(Dn&^^^^m^mswxhnmGBTm^^i^m^PA^ 

m^-Tf"^^, ^T^ItfeSWcDIGBT^^-CfSIffi^^-) ^^f-T5, IGBT 
lif^- (^ffiif) ^Ml^if^ AEsw&U^R^ffcDif # A Vce^ N I 

GBTm^it(om^PA^i&mx^^y^^m^mfsw^(D^Kmm^ 
[0056] ^(6)^, ^#^iwicm^^w^-rs^(D{wj±ii^-, iSbBffm^-^a^PL 
>s*-?n, immm^-&m^fc4^-?tkmvx, k=2{§©sj±^A#^^ 

^tR^Esw(on)S.t)«ia?P®j±Vce(sat)^r- : etL^tLEL, VL£Lfc 0 
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[0057] [fC7] 

PL=(J") • EL • f sw+ (^"V I cp • VL -(7) 

[0058] m.8] 

PH= ("i" ) " ( E L+ A E SW ) • f sw+ ^ j • ( V L+ A V ce ) - ( 8 ) 

[0059] <toTPH<PLfc^S^#li^(9)-C^$ttSo 
[0060] [M 

• A E sw * f sw — • ( VL-A Vce) • I cp< 0 

.*. f sw<(-^") • ( VL-A Vce) • Icp/AEsw -(9) 

[0061] mmmm^<>^x(Dm^m<Dh^—h^^n^(io)^u^ti^o 

^m^coMwifcm^-^^^xittiio) (DfemA, B^^tus^is. s, -2. 3 

^3:■ti:f-t^i^f^J±lg^ ^ •(-ov^T«^;(lO)(7)^#:A, Bii^iimiiffs. 

62, -2. 
[0062] [gfelO] 

VL+AVce=A« ( EL+AEsw) " B -(10) 
[0063] 02— S5tt^(9), (lO)^K^WT, SWHh^^fflb/t^M^LV^^ 

L^T^ia^PSHVL^S^tL^fm. 30(mJ/pulse)^:U«2. 20 (V) -Cfc5fft£h600VCDI 

04(mJ/pulse) ^02. 34 (V) ^&5Wli600VcDIGBT|!t^Q2£M^Lfc^1^M 
^LtVSo ^fc04T«^— >-^>-m^LRlPmnmj±VL&Jtth^tll. 00 
(mj/pulse)^r^l. 1 (V) T*5WJ£600V<^IGBT3{f^Q3£r5l3£U 05^3^—^ 
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^m^BLRXPm^nmjZVL&^tVefrlO. 54(mJ/pulse);&.U ? l. 40(V)"Cfe5ft 
JE600V©IGBT3ff J f-Q4SrSJ£L^:»^SrM^bTV^5 o 
[0064] Vvf'tlOJ^b^V^— ^O^y^-^Jl^mfsw^jftVMSif, ^^tft^(D 

[0065] mb^^^Jl^^fsw^S7kHz^T"Cfe^«\ HK^^^i^lfHH^^— 

[0066] I2|l^^$tl/S«t5^ ^H1fl:f^<7)l200VOIGBT3fl^Zl<D^ k -^> / S^E 

sw(on)fi2. lOmj/^^/V^-efe^, rft^1±ftcD600VcDIGBT3|t^-Ql t^^— ^ 

<D600V<DIGBTiff ^Q2£<D^— ^^^©HjjSfS^l . 06mJ//^/^T^ 
o -?:LTIGBT^^Ql^oV^T^bfc02^«^— ^jt^g&kfOti&ifr AEsw^O. 8 

(DIGBT^^(D^-^t|^^S/h^V ^£#^£;ft/CV >5„ ^fcIGBT|^Q2^ol >T 

ly^^m &Wtf swfr 7kHz"CfetLf€ x »JE 1 200VcDIGBT!Sf ^-cD^St!^ vJn 

[0067] ffflfrftfcoVvOkMS^ 1200V(DIGBT5ff^-Z2<D^— ^>^R3^Esw(on)« 
1. lOmj/^/l^-Cfo^ m^lH1H:ft<^600V<Z)IGBT^^Q3^^)^— ^^tl^: 
£<£>^#Sl3:f£0. lnj/x^^*t?*>S 0 *fcIGBT^ J ? : Z2S.tJ ? C:tt^l^ia:ft^>600V 
0>IGBT^^Q4£©*— >^^3fc£<E>^;&SfSf£0. 56(mJ/pulse) t?feS 0 ^rETIG 
BT|^^-Q3^0V^T^Efc|l|4^{^— ^>-tl^(D±i^AEsw^}5^0. 2mj/ 
^/^^TTfc^ d^O^y^-^JljgffifefswjOSrkHz-Cfetb^, llfJ±1200VcDIG 
BT^^-cD^^^^^S/Jn^v ^^j5S^$^XV >5 e 3;fcIGBTlSf ^-Q4&;ioV ^T^bfc 
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^jl^»w^7kHz-CS>n«\ ftj±1200V^IGBTl!t^cD^$tA^M^V^ 
[0068] — ^^^Ji*i-rSfcfeMV^^^^«> IUte^h/^^^3E(Cl*fbT 

[0069] B:^0J(DHJ|(D^(D|^0J. 
[0070] (B-lKW*— ^Oii^ffiM. 

So 

[0071] ^-f^^°S21^V^T, **-#<Dmfonj3GRXfi&ffinM<Dm%}^Ll£FK 

[0072] mm 

I m = G/F/k/-/3~ -(11) 

[0073] ^xmnmGBTm^K^^xmu^m^M^MB^itxm, (A3)xm 
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[0074] ^Stt^^S 22(^1^ -fV^— ^£5^e— ^(D^IJtPTOil^tt^^S^ 

[0076] ^T^yy°s23icm^x^mm^^ntcm^^^xmm-r^o 

[0077] ^yy°S24K$d\ ^Xn^^lWf^^tlflit, *Tyy°S2bK$mi>^3*, ^ 

[0078] ^5/^°S24^*5V^T^ : ^^^^IJif^^^tl^«\ ^v-y7°S22\^mM^mZ> 0 _h 

JMifcfsw^tSv^s, ffiMjE*^-^Mv^^ft©^f^^ffivHMx.«H2 N H13 

£~Rf5o ^r®#M^5/7°S23^J;5¥iJ®f^s^f^^o 
[0079] ^^7 0 S23^^oV^-r^ ; ^^^J»f^s/ c^ ^tLf'^^«, ^yy°S2.%^h^m$m 

^ 4>s<~7mmmm^-xn$\-tz>o 
[0080] ^ii^^^bT, ^—?(DmfamtiGRtf^ffimM<DmmM'^fcF^^^x, 

[0081] mnmm^m^^x^^-^mtiT^m^nmir^mmBm^mv^ 
znffite, m^mm^m^x^^-^wt^^m^mm-r^Mmmm^ 
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[oo82] t>*>6/u, mmf±m^-^^<—^mn-r^M^ (^^S25) <r>^^<r>w^ 

JEOkf&t?*>t), ±3ZSoM(SWffi^cDffifff^ 1200V, f£Wi±^(DKi±^600 

[0083] 07«, Ji|E©«t5^l9:^n^^— ^^Mv^S^^S^M^-rsiiiK 
0t^ o ^a2oov«M^^»f5«Mi^^^jii2oov(Z)^«i±^^p^^/ c 

JEl200V©IGBT^©2o<Z>iff^J^&;tU SM^^^^^fi 
[0084] B|7-e«^V^-— K^y^^22^^^J£g^^5fc^^^T : Vf-^bTV ^ 

[0085] H®t^J;tL«\ feS^M^O^e— ^ n ^©^te^#^3790W©t8fcfeft&<Jfcii;fc 

^41 «fc»5fc^V./*— ^42(7)^28. 5W©ig£c{£i£aSjL£> 

frlfcm&, ^>v^—^4lJ;9VfV^~-^42<D^18. 5W(Dm$:l&Ufr&bfrlti 0 

[0086] ^mn^n^mmM^m-r^m^KMm^ti^^Kh, 

tttt, ^v^-K^y^^22^v^--K^y^v > 23^emL«^ir^oTv ^ 

^-^42^tM^5-^^cJ:^,|S^(D^j^#5r^^^a o 

[0087] ft 33, ¥4Jr~ Y^)y^22-hmnmm^n 5^bK£<9^ ^mmzno^a- 
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— Ki?£C6iR^-ov^T^;rU3\ ?4Hr'- Y^hy^22X\^ 
[0088] _L^(Z)|iaM^MlJbTs^«\ ^<Z)^M{#-C3790 

X27 7ow(Dm&&} m jj *mbtiftm& , y^-v-^v ^21 «t ^^^v^-K^y 

[0089] rcD^V^-— K^y^^*3tt6ti^^oV^TM^f¥*B^P^-r6o Klo 

«\ «^7*^Pdtt^:(i2)-cff»^^o 

[0090] [3&12] 

Pd= Vf • I dc 
= Vf • Im 

= G/ ( F • k -J? ) -(12) 

[0091] ^Sr^T5^V^--K^y^/v ? 21T:«, _B£©J;9^> S^tfd^bltlSl 

m^m^m?^— v^mthzt'isb, ^(Dmtim^2Pdt\^xfY^n^ 0 — 

^ inmj±mfc%:fty?^—V-? ] Jyi>22X^ ±t^(DXoK, ^ffimMlti^ffitl 
[0092] foT, ^-T^-— K^y^^TOtS^^^JtbTIGBTI^^iLTffilfff^^^M 

-rz>fi\ mnmm^umi-^^mmi, ^(7), (8)<dsi^pl, ph^v^ti^ 
K-rtm\ PL+2Pd^PH+Pdt(Dv^tL^^:#v^^^-3<r^^^6o i&w-rfr 
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[0093] MIS'] 

PL>PH-Pd -(13) 
[0094] H|10{*_h|B©WilfSrKlfe(-U^n— h"efel9. Bl6^jSbrv^ 0 EllO 

[0095] miife^*— v^vyVk^/*— ?<Dm$<(Dmzm&x^ mmj±m^umi, 

^m^LRTfmumfcVL^tl^ni. 04(mJ/pulse);&tJ«2. 34 (V) X^MJ±6 

[0096] &mio2xvhj%£MKm^mm^^^x, mmj±m^&mmvtcjfm&mj±m 

[0097] ktm(Dfcfr,m3^£ivfc?97&mBl01bVXn$liVfc 0 ftHlOltetij 

[0098] &3o, ^V^-K^y^cDM^^-r^^, ^(9) f«(14) (Dj;5»IE§tL5 

o 

[0099] [#C14] 

f sw< [ Pd + -|-( VL-A Vce) • I cp ] / [ { — ^ A E sw ] -(14) 

[0100] ^^(Dmmx^^^—^fD^y^^m^t^xiGBTm^^M^M^xm 

[0101] ^MMl^^^fcHSSffi^Tbtll^S^^OOVcD^^^PS^to 
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[0102] {B-2)^^^r—V^)y^t^^—^b(D^^—Mt. 

[oio3] ^^51^^, ?4ar*- y^yy 9 Jh4^/^2h\tt*J^~jvh\jx:-- ffcte&axs 

*t81«, ^17— M7lWV^V:^T7^r73, ^<Di>&(DT 7I^S*E61 _hcDM£r 
S5o M^°y^hKtg62_h(DfR B B n ^oV^-C^^— /VKff81taotV^§ 0 ^V^"— 

[0104] r^K^PJftB^lftK^^^, _LfEUfcffcBHf2, i-^TcDMB^V^T, 
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<DmM&frb&mm<D&ffim>ffi%m£i^&^^>'^—?\M}$ t (42) t 

[4] ft^il2Xttft^iS3fB*^«r»^(i]^i:, 

mm^M>s<~¥m^bm.mm^n%mMoovm^—¥ (M2) t 

#tiA#(M2)^tii^-r5«W^lE]g§(22, 32, 42) £f£f+^5^£-?fcoT, 

ifrfES«t^[iii&te> ^-tafei-^^^^*^^2o(D[i:^j^^b, ins 
a:^^Mo^^^^^a^(DMfs^r«^^ai^-r5#ffi-f^^--^0s&(42) 

(b) ffjfe^T;fEmji^^MbT#^6^ 

ms^^—zm^ (42) icffi^-rsf&mffs^tu^ (22) sr^^n^ ft^ris 
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[8] ffrfB^5/^ 0 (b)tt, 

^y^-^m ftiWH (f sw) <t }dg<5 V ^T^— ^^flffe (Esw(on) = Esw/2) ^^"T 
(b-2)gHBB2(Z>WJEESr^rU SufS^Mf^B^^V^ffjfE^^Cb-l) T*Wt 

[9] tfrfa^5/7°(b) ^*3V>T, fufE^V^ — ^(D^^^jl^#c(fsw) ^VMS^ 

[10] SfjfB^^^(b)^, 

(b-l)tu|E^^^*^fcoV^T^^ti,5»]tS^(Psw) irjtuffE^>v^— ^c£> 
^-T^^ji^^cCfsw) £MS-3V v-c*— V^->'ii^(Esw(on) = Esw/ / 2) ^^-f 

(b-2) mmm2(Dmf±^u mm^mmim^^^xmrn^y^ib-i) xm. 
m^m^-r^^yyt 
[in mm^y^^m^-rnGBTm^-xh^x, 

^m^m^ ( a esw) tt&Mtu 
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i-SSfrfB^2©itjESr^ri-5ftfrfBIGBT^ : f-OfiafP«JEE©ii^ ( A Vce) £r3l V ^dS 
(VL-AVce)^ MIE-r^^^©W^«^^IE^^m^L^:ft^g(Icp)i, ( 

* / 16) t<Dm%®immbu 

[12] S&IE^y^^^^filGBT^^^fooT, 
MIB^^ (b) ^#51 vf, 
ftjfEmi<»J££^5ftjfBlGBT0^cD^ 

^m^m^ ( A Esw) (D (2/ 7i ) f^^i^U 

ftlf|Hf^l(^Bffi^"t"SBlflBlGBT^^<Dia?P®j± (VL)^^S^^PeffCT 
-r^HtrlB||2WlffiSr^r-r ; 5HfrlBlGBT*^(D|Sf P«jE(D±i^ ( A Vce) £31 V >?dfi 

(VL-Avce)^ mm4>s<~?(Diii^nffi&iEtemmnvfcm±micp)b, a 
/s) t(D^(DmKMvx, mmmmj±mmm (22) a*wi-5^*--K— o# 

<£>48:£c(Pd) ^P^dfi(Pd+ (VL-AVce) -Icp/8) §:$?|&^±U 
JMifc(fsw) «lvgS^#5l^ ttfffE^2©»H^i-5ffjfBlGBT*^-^il^ 
[13] fulE^^— ^O^^^TOIfc (fsw) ^7kHz^T^^^tl§, If ^IH 1 
[14] tulEBff^(^ll^iS®J£tt200VT?fc'9, ffrfB^lOWJ±»600V-efeS> ft^l5 
[15] mlfB^^^-^ll^ttlGBT^^Tfca, ft^57^^ff^l4(DV^-f *ba>— 
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